In order to determine whether G protein-coupled receptors play a role in early embryogenesis, we looked for cDNA fragments amplified between primers located in consensus sequences of transmembrane segments. Using one such amplified fragment as a probe, we cloned a novel member of the G protein-coupled receptor superfamily in Xenopus. Alignment of the deduced protein sequence with that of other receptors discloses some homology with angiotensin receptors. A single transcript of 2.5 kb is detected at the Iate blastula stage and its expression increases during gastrulation. In situ hybridization reveals transcripts initially in the ventrolateral involuting marginal zone and later in the lateral plate mesoderm. At larval stages, the transcript is expressed in procardiac tube and forming blood vessels, where it is localized in the inner endothelial layer. Thus, this gene traces an endothelial lineage and represents a very early and unique marker in Xenopus of the specification of cardiac and vascular endothelia. We propose the name of X-msr for mesenchymeassociated serpentine receptor.
Introduction
Early embryogenesis is associated with crucial developmental events, such as specification of body axes and determination of cell lineages Sive, 1993; Woodland, 1993; Dawid, 1994; Slack, 1994) . All these early developmental steps are accomplished through a complex series of cell movements and cell interactions which involve the decoding of various signals in a spatially and temporally appropriate manner. Both membrane-associated molecules and diffusible signals have been shown to participate in the determination of cell fate during mesoderm and neural inductions in Xrnopus (Kimelman et al., 1988; Asashima et al., 1990; Smith et al., 1990; Jesse1 and Melton, 1992) .
The best characterized active factors in mesoderm induction are the peptide growth factors, activins and fibroblast growth factors (FGFs) (Kimelman and Kirschner, 1987; Kimelman et al., 1988; Smith et al., 1990 ; Asa-* Corresponding author. Fax: +33 61 55 65 07; e-mail: audigier@cict.fr shima et al., 1990, 1991) . The inducing properties of these two families of molecules are not identical (Slack et al., 1988; Asashima et al., 1990; Green and Smith, 1990; Thomsen et al., 1990) and can be modulated by other factors that have been termed induction potentiators or competence modifiers Smith and Harland, 1992; Sokol et al., 1992) . As expected, the receptors which bind the inducing ligands were later demonstrated to be present during early embryogenesis (Musci et al., 1990; Amaya et al., 1991; Matthews and Vale, 1991; Matthews et al., 1992) . These receptors belong to the superfamily of enzyme receptors which contain a kinase activity in their intracellular domain.
The cloning and the determination of the structure of many membrane receptors have revealed the existence of two other superfamilies: the channel-receptors and the G protein-coupled receptors. We made the assumption that the superfamily of G protein-coupled receptors would also be involved in the decoding of early developmental signals. Although recognizing very different molecules, these receptors share a particular membrane topology made up of seven transmembrane segments and they transduce the signal via the activation of a GTP-binding protein (Dohlman et al., 1991; Strader et al., 1994) .
In order to detect and analyze the expression of such receptors during the early steps of embryogenesis, we used an approach based on the polymerase chain reaction in the presence of degenerate primers corresponding to consensus sequences located in the third and sixth transmembrane domains of this receptor superfamily (Libert et al., 1989) . The experiments were carried out in Xenopus laevis, which is an appropriate animal model for studying early developmental events.
We report here the cloning and expression of a novel member of the G protein-coupled receptor superfamily which displays some homology with angiotensin receptors. Because of its structural homology with serpentine receptors and its expression in mesenchymal cells, we propose the name of X-msr for mesenchyme-associated serpentine receptor.
Results

Cloning and sequence analysis of the X-msr gene
Using primers located in consensus sequences of transmembrane segments of G protein-coupled receptors as described by Libert et al. (1989) , we amplified two main cDNA fragments in a reaction mixture containing reverse-transcribed mRNAs purified from Xenopus gastrulas. The 432 bp amplified fragment was used as a probe to isolate a full length X-msr cDNA from a Xenopus cDNA library (Krieg and Melton, 1985) as described in Experimental Procedures.
The largest cDNA insert (1.33 kb ) was sequenced and found to contain a single open reading frame that encodes a protein of 353 amino acids (Fig. 1 ). An ATG codon at residue +l is in the context proposed for an initiation codon by Kozak (1987) . The hydropathicity plot of the protein sequence reveals the presence of seven hydrophobic regions corresponding to the putative transmembrane segments. Furthermore, the protein sequence contains the invariant residues found in most serpentine receptors, regardless of their ligand, such as an aspartate residue in the second transmembrane domain, the DRY sequence at the end of the third transmembrane domain and a tryptophan residue in the middle of the fourth and the sixth transmembrane segments (Strader et al., 1994) . EMBL and Genbank database searches revealed that the transmembrane regions are structurally related to those of the APJ receptor and receptors binding angiotensin II (Fig. 2A) . The percentages of identical amino acids in the transmembrane domains of X-msr compared to those of the human APJ receptor (O'Dowd et al., 1993) , the human AT-2 receptor (Tsuzuki et al., 1994) , the human AT-l receptor (Furuta et al., 1992) and the amphibian AT-1 receptor (Ji et al., 1993) are 60%, 42%, 44% and 42%, respectively. Molecular phylogeny analysis (Fig. 2B ) allows two major conclusions to be drawn. Firstly, the X-msr receptor is clearly homologous to the human receptor called APJ (Bootstrap value 99%) and this homology is a good evidence of their functional relevance. Secondly, these molecules, together with angiotensin AT1 and AT2 receptors, LCRl and RDCl proteins with seven hydrophobic segments, constitute a homogeneous group (a monophyletic group) of sequences which are more similar to each other than to any other G protein-coupled receptor found in the databases (Bootstrap value 100% when endothelin, cholecystokinin or somatostatin receptors were used as outgroup to root the trees).
X-msr transcript is expressed after the mid-blastula transition
In order to characterize the temporal expression of the X-msr gene, we performed a Northern blot analysis on whole embryos (Fig. 3A) . We detected a single 2.5 kb transcript whose expression starts at stage 8, increases during gastrulation and reaches a plateau between neurula and larva stages.
RNase protection assays fully confirmed the kinetics of early expression revealed by Northern blot analysis but, despite their high sensitivity, were not able to provide evidence for the presence of X-msr transcript before stage 8 (Fig. 3B ).
Larval expression of X-msr transcript is associated with forming cardiovascular system
Using in situ hybridization on whole embryos, we have analyzed the location of this expression (Fig. 4) . As previously shown by Northern blot and RNase protection, no transcript can be detected before the late blastula stage. At the early gastrula stage, the transcript is mainly located in a horseshoe-shaped ring of cells which corresponds to the entire mesodermal layer, apart the dorsal mesoderm (Fig.  4A) . At the neurula stage, the ventral part of the anterior region and the dorsal part of the posterior region strongly express the transcript; between head and tail, there is a faint staining in the lateral region of the neurula (Fig. 4B) . At the larval stages, expression of the X-msr transcript is similar to that observed in the head and the tail of the neurula, but is more intense (Fig. 4C-F) . Between these 
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territories, the X-mu transcript is also expressed in two lateral lines along the body and in a diffuse ventral network. At later stages of larval development ( Fig. 4F ), the transcript becomes localized to the most anterior somites in the intersomitic spaces (Fig. 4H) . Interestingly, larval expression is observed in all the territories where the primary blood vessels form: retinal artery (see Fig. 5D ), anterior cardinal veins, aortic arches, and ventral aorta in the head; vitelline veins and vitelline network, dorsal aorta, posterior cardinal veins and intersomitic arteries in the trunk ( Fig. 4E-H ). In addition, the procardiac tube strongly expresses the transcript (Fig.  4G ). The high expression in the tail bud could also be linked to a vascular network which is required for the intense cell proliferation at this level.
Early expression of X-msr transcript is restricted to lateral plate mesoderm
In order to better assign the expression of the X-msr gene to the various mesodermal territories at the gastrula stage, we analyzed the effect of two treatments known to modify the ratio of mesoderm subtypes. UV treatment of the vegetal pole ventralizes the embryo and thus decreases the amount of dorsal mesoderm (Malacinski et al., 1977) , whereas lithium ions promote dorsalization of the embryo, thereby enriching the mesoderm in the dorsal subtype (Kao et al., 1986) . As shown in Fig. 5 , ventralization of the embryo is associated with an increase of Xmsr gene expression, which extends to the dorsal region of the gastrula mesoderm (Fig. 5A) ; on the other hand, E. Devic et (cl. /Mechanisms @Development 59 (1996) 129-140 133 ovo 4 6 8 9 10 10~2 11 12 14 24 +2,Skb B P DP ovo 4 6 8 9 11
0,284kbW + 0,238 kb dorsalization of the embryo by lithium ions extinguishes the transcription of the X-mu gene (Fig. 5B) .
To define the later sites of X-msr expression with greater precision, we cut serial sections from the in situ hybridized embryos. At the late neurula stage (Fig. 5C ), the labeling is clearly localized in an internal layer of cells which corresponds to lateral plate mesoderm; in contrast, the transcript is absent from neural plate, neural crest cells, and notochord as well as from presomitic mesoderm.
At the larval stage, transverse sections inside the branchial arches reveal intense staining in the aortic arches (Fig. 5D ) which, at higher magnification, can be seen to be localized exclusively in the niesodermal derivative and not in the neural crest-derived part (Fig.  5E ).
Lute expression qf X-msr transcript is localized in the endothelial layer
A parasagittal section performed in the larva (Fig. 6A) further delineated the expression of the X-msr transcript in the procardiac tube and the forming primary blood vessels. Transverse (Fig. 6B-C) or horizontal (Fig. 6D ) sections at the level of the procardiac tube show that the X-msr gene is not expressed in the myocardial layer but is restricted to the inner layer, the endocardium.
Similarly, X-msr transcripts visualized in the posterior cardinal veins in transverse sections at the trunk level (Fig. 6E ) are localized in the inner endothelial layer around the lumen (Fig.  6F ).
Injection of a potential 'dominant negative' mutant receptor
We injected a mutant receptor in which the invariant aspartate residue of the second transmembrane segment was replaced by an asparagine residue. In the 'AT1 angiotensin receptor subtype and most receptors, this substitution is known to uncouple the receptor from the GTPbinding protein (Bihoreau et al., 1993) . Consequently, as has been described in the case of tyrosine kinase receptors, the mutated receptor with an uncoupled phenotype could play the role of a dominant negative receptor. However, we were unable to detect any morphological alteration of the embryos after injection of this mutated receptor. These results may reflect the distinctive properties of transduction by this receptor superfamily, in particular the lack of a dimerization step, which is essential for the dominant negative effect.
3. Discussion
Structural properties of the X-msr receptor
In support of our initial assumption that seventransmembrane segment receptors could participate in the decoding of early developmental signals, we provide evidence that at least one member of this receptor superfamily is expressed at the early stages of embryonic development and might fulfill such a function. The deduced amino-acid sequence of the X-msr gene clearly contains the known structural characteristics of the G proteincoupled receptors: seven hydrophobic regions and typical invariant residues (Wader et al., 1994) .
Molecular phylogeny analysis reveals the structural relationship of the X-msr protein, in decreasing order, with a group of sequences containing orphan receptors APJ, LCRl, RDCl and the two angiotensin II receptor subtypes. Alignment of the sequences shows that the homology is highest in the transmembrane domains, but extends to other regions in the case of the human APJ receptor. Although the APJ receptor is structurally related to angiotensin receptors and thus was named angiotensinlike receptor, the transfected receptor does not bind angiotensin II (O'Dowd et al., 1993) . Similarly, preliminary experiments have failed to reveal the presence of angiotensin II binding sites in Xenopus embryos (our unpublished data). In this context, the amphibian X-msr and the human APJ receptors could be orthologues, the ligand of which, like that of LCRl and RDCl receptors, remains to be characterized.
The X-msr receptor is a marker of an endothelial lineage
Temporal analysis of the expression of the gene re- veals that the transcription of X-msr corresponds, at the late blastula, to the onset of zygotic transcription.
At the gastrula stage, although the X-mu gene is exclusively expressed in the mesodermal layer, it is not detected in the dorsal mesoderm. The lack of transcript in the dorsal region is further confirmed by the effects of UV and Li treatment on its expression. From the fate map of the gastrula and the distinctive pattern of its later expression in neurula, it appears that the transcript is first localized in the prospective lateral plate mesoderm which includes the heart-forming region in its dorso-lateral quadrant (Keller, 1976) .
At the neurula stage, the X-msr transcript is not seen in somitic mesoderm and is exclusively observed in lateral plate mesoderm, particularly in the two heart primordia at the anterior end closer to the ventral side of the embryo (Keller, 1976; Sater and Jacobson, 1989) .
At larval stages, the gene is expressed in all the territories where the heart and primary blood vessels form. No specific marker of vascular structures is available in Xenopus, but it is noteworthy that the expression of X-mu gene overlaps that of the transcription factor Xl-Fli in the cardiovascular system (Meyer et al., 1995) . Inside heart and vessels, only an inner layer of cells expresses the Xmsr transcript, endocardium in the procardiac tube and endothelium in the vessels. The lack of X-msr transcript in neural crest cells rules out a possible expression in the media layer of vessels, which should derive from the neural crest (Couly et al., 1995) . Finally, larval expression in the endothelium of the forming cardiovascular structures is in agreement with their known splanchnopleural origin. Thus, the X-msr receptor traces an endothelial lineage which starts at gastrulation in mesodermal/mesenchymal cells, segregates into the splanchnopleural compartment and ends up in endothelial precursors. Consequently, the expression pattern of X-msr gene is not only associated with the formation of the cardiovascular structures but also linked to the appearance of a specific cell subtype, the endothelium.
Early expression of the X-msr receptor and segregation of the endothelial lineage
Transcription of the X-msr gene begins at the gastrula stage in the mesodermal layer and is apparently turned off when the endothelial cells differentiate in the cardiovascu- e, eye; ph, pharynx; nt, neural tube; ov, otic vesicle; pc, pericardial cavity; not, notochord. lar anlage, because we were unable to detect any hybridization signal at later larval stages in the heart or primary blood vessels (data not shown).
The early expression of the X-msr gene raises the general question related to the segregation of endothelial precursors from the undifferentiated and uncommitted mesodermal cells. Indeed, its temporal expression correlates well with the kinetics of the determination of heart tissue layers, which starts at gastrulation (Keller, 1976; Sater and Jacobson, 1989) . Thus, the early expression of X-mu could be linked to this early specification of both heart and vessels. Accordingly, the common denominator of the cells expressing the X-msr receptor could be their mesenchymal state and it is for this reason that we propose the name of mesenthyme-associated serpentine receptor, X-msr. On the other hand, it is difficult to establish that expression of the X-msr gene is, from the outset, linked to the state of endothelial precursor. Furthermore, common precursors of different lineages might appear before the emergence of the endothelial lineage itself. Indeed, a tight association between hemopoietic and endothelial lineages has led to the notion of hemangioblast (Murray, 1932) and this hypothesis has received recent support from the flk-1 knock-out in mouse, which generated a defect in both hemopoietic and endothelial cells (Shalaby et al., 1995) . In Xenopus, the ventral blood island mesoderm exclusively contributes to hemopoiesis in early larvae and the lack of any specific marker of the endothelial cell so far prevents the segregation of endothelial precursors from being followed (Kau and Turpen, 1983; Maeno et al., 1985) . It is therefore interesting that X-mu transcript is not detected in these blood islands, suggesting a dissociation between the hemopoietic and the endothelial lineages at the late neurula stage. However, expression of the receptor is observed just after the mid-blastula transition. Thus, either the putative hemangioblast expresses the receptor before segregation of the two lineages or the receptor is expressed only in angioblasts which are al- ready specified for the endothelial lineage at the gastrula from the splanchnopleural precursors on the basis of restage.
ceptor expression. At the cardiac level, there is a large debate about the origin of myocardium and endocardium. Whereas lineage tracing in zebrafish (Stainier et al., 1993) suggests a common precursor of both lineages, fate mapping experiments in chick (Mikawa et al., 1992) favor the existence of distinct lineages. Recent findings showing that myocardial precursors are the dominant phenotype and that endoderm provides a signal which induces the segregation of endocardial precursors (Sugi and Markwald, 1996) may reconcile these opposite points of view. As we do not know when this signal is emitted, it is difficult to establish the time of the segregation and to correlate it with the expression of the X-msr gene.
The X-msr receptor is a unique marker of endothelial precursors and a potential transducer of the commitment signal
Our observations strongly suggest that the expression of X-msr receptor is associated with a pre-endothelial state and thus the X-msr gene represents a unique marker of endothelial precursors in Xenopus, like the QH-1 antigen in quail (Pardanaud et al., 1987) and the VEGF receptor flk-1 in mouse (Millauer et al., 1993; Quinn et al., 1993; Yamaguchi et al., 1993) .
Expression of the X-msr receptor and heterogeneity of the endothelial lineage
Although the expression of X-msr gene is shared by endothelial precursors in heart and blood vessels, it does not demonstrate that the origin of these precursors and their exposure to environmental cues are similar. First, the cellular environment can alter the commitment of a cell population. An illustration is provided by the phenotype of the mutation clothe in zebrafish (Stainier et al., 1995) . In the mutant animal, the endocardium is missing, whereas the other endothelial cells lining the main vessels of the trunk are normal. This differential effect provides support for the existence of a regional distinction between the formation of blood vessels and heart. In this context, the early pattern of X-msr gene expression in both cardiac and vascular endothelia may facilitate the understanding of the events leading to this differential effect of the environment.
On the basis of the common expression of X-msr gene during the formation of heart and blood vessels, it is tempting to speculate that the X-msr receptor fulfills the same function in both tissues. Indeed, this gene is expressed in the splanchnic mesoderm, the layer which is in contact with the endoderm. It is thus noteworthy that endoderm sends a signal which is involved early in the specification of cardiac tissues in Xenopus (Nascone and Mercola, 1995) . Furthermore, a later signal from endoderm results in the segregation of endocardial precursors in chicken (Sugi and Markwald, 1996) and the time of endodermal contact might be important for the segregation of endothelial and hemopoietic precursors in the forming vessels (Pardanaud et al., 1996) . As the X-msr gene codes for a G protein-coupled receptor, its early and late expression makes it a good candidate for transduction of such an endodermal signal at different times of embryonic development, during the commitment of the endothelial cell.
Experimental procedures
Second, although they express the receptor, the origin of endothelial precursors could be different. Indeed, this question is directly linked to the formation of cerebral vessels, which cannot result from in situ determination of splanchnopleural precursors and oppose the two different processes of vessel formation, vasculogenesis by in situ transformation of mesenchymal cells into endothelial cells and angiogenesis by migration and invasion of endothelial precursors (Risau and Flamme, 1995) . By means of quail/chicken orthotopic and heterotopic grafts, all the head endothelium was shown to derive from the cephalic paraxial mesoderm (Couly et al., 1995) . In addition, similar experiments revealed the existence of two distinct endothelial lineages which derive from splanchnopleural mesoderm and trunk paraxial mesoderm (Pardanaud et al., 1996) .
Embryos
Fertilized embryos were obtained as previously described (Newport and Kirschner, 1982) . Staging was established according to the tables of Nieuwkoop and Faber (1967) .
RNA extraction
Total RNA was extracted from ten staged Xenopus embryos by the addition of 900@ RNA-BTM (Bioprobe). Phenol extraction was performed after addition of 100~1 chloroform. RNA was isolated by isopropanol precipitation of the aqueous layer and then dissolved in DEPCtreated water. At present, there is no evidence for the existence of two endothelial lineages in amphibians. Furthermore, migrating paraxial precursors could repress the expression of the X-msr receptor before they reach their site of differentiation, and thus could not be discriminated in situ 4.3. PCR amplification cDNA was synthesized in a 20~1 reaction mixture containing 5 ,ug of total RNA isolated from stage 10 em-bryos using the Superscript IITM GIBCO BRL kit. One ~1 cDNA was used as a template in a 50~1 amplification mixture containing 200pM dNTPs, 2.5 U Taq DNA polymerase (Boehringer, Mannheim) and 0.5pM of each primer. During the 35 cycles of the reaction, the denaturing, annealing and extension steps were optimized for 1 min at 94°C 55"C, 72"C, respectively. Sequence of forward and reverse primers were, respectively, 5'-AAA GGATCCCTGTG(C/T)G(C/l-)(G/C)AT(C/T)GCNNT(G/ T)GA(C/T)(C/A)G(C/G)TAC-3' and 5'-AAGAATTCA(T/ G)G(A/T)AG(A/I+)AGGGCAGCCAGCAGAN(G/C)(G/A) (T/C)GAA-3'. The 432 bp amplified fragment was purified by the GeneClean procedure (Bio 101) and subcloned in a pIB1 vector. The insert was sequenced using a Sequenase II kit (USB).
Screening of the cDNA Library
The Xenopus laevis cDNA library was made at developmental stage 11 in Igt 10 by Krieg and Melton (1985) . This library was plated on E. coli C6OO/hfla-at a density of 20 000-30 000 plaques per 140 mm plate. Recombinants were transferred to nitrocellulose filters (Hybond C, Amersham), denatured, baked for 2 h in vacua at 80°C and prehybridized in 50% formamide, 5 X SSC, 2 X Denhardt's solution, 0.1% SDS at 42°C for 3 h. Hybridization was carried out for 16 h at 42"C, in the same buffer containing 50pglml sonicated salmon sperm DNA with, as probe, 2 X lo6 cpm per filter of the 432 bp amplified cDNA fragment corresponding to the coding region between the third and the sixth transmembrane segment, randomly labeled with [32P]a-dCTP (Amersham). The filters were washed in buffers of decreasing stringency down to 0.1 X SSC, 0.1% SDS at 42°C and autoradiographed overnight. Positive clones were purified and subjected to secondary and tertiary screening. The selected clones were digested with EcoRI and subcloned in pIBI31 vector. The insert was then sequenced with a Sequenase II kit (USB).
Sequence analysis and molecular phylogeny
The amino acid sequence of the X-msr receptor was aligned with the most similar sequences found in the EMBL and Genbank data base (June 1996 update). Sequences were handled and aligned with the MUST program package (Philippe, 1993) and invariant or noninformative sites were deleted for the purpose of distance analysis and tree construcfions. The latter were performed by the Neighbor-Joining method of Saitou and Nei (1987) completed by Bootstrap analysis (1000 iterations) to statistically validate the branching.
Northern blot analysis
Total RNA was extracted from staged embryos described above and electrophoresed in a 1.2% denaturingagarose gel containing 0.66 M formaldehyde. The gel was blotted to nylon membranes (Hybond N, Amersham) and UV crosslinked using standard protocols. Randomly labeled X-msr cDNA probe corresponding to the full length cDNA (specific activity 0.5-l x lo9 cpmlpg) was hybridized overnight to the blots at 42°C under the conditions described above. Blots were washed down to 0.1 x SSC, 0.1% SDS stringency at 42°C and exposed to X-ray film with intensifying screens at -70°C.
4.7, RNase protection assay
RNA isolated at different developmental stages was assayed for the expression of X-msr transcripts. The probe was a T7 RNA polymerase (Boehringer, Mannheim) transcript of an exonuclease III-digested cDNA fragment subcloned in a pIB1 vector, and which corresponded to amino acids 68-147. The transcription was performed in the presence of [32P]a-CTP (800 Ci/mmol). The resulting riboprobe was 284 bp long, and corresponded to the 238 bp X-msr cDNA fragment and 46 bp polylinker of the pIBI31 vector. It was purified by electrophoresis on a 5% polyacrylamide/7 M urea gel and eluted for several hours in 500 mM CH3COONH,, 10 mM MgC12, 1 mM EDTA and 0.1% SDS. Total RNA extracted from four Xenopus embryos at each stage tested were each co-precipitated with 50 000 cpm of the 32P-labeled RNA probe and resuspended in 20~1 of 80% formamide, 400 mM NaCl, 40 mM PIPES (pH 6.4), 1 mM EDTA. The medium was heated for 2 min at 80°C and then incubated overnight at 37°C. RNase digestions were performed at 37°C for 30 min in 0.2 ml RNase buffer (300 mM NaCl, 10 mM Tris-HCl pH 7.4, 5 mM EDTA) in the presence of 20 ,ug/ml RNase A and 200 U/ml RNase TI . After digestion by 250 pg/ml proteinase K (15 min at 37"(Z), the digestion products were phenol-extracted, precipitated with 2 ~01s. of ethanol and separated by electrophoresis on a 7 M urea/5% polyacrylamide gel. The gel was dried at 80°C on DE81 Whatman paper under vacuum and exposed to Kodak XAR-5 film at -70°C.
In situ hybridization and probe synthesis
Whole-mount in situ hybridization was performed using digoxygenin-labeled antisense RNA probes starting at codon 69 and containing the 3' untranslated region of Xmsr mRNA. X-msr cDNA subcloned in pIBI31 vector was linearized with Bgl II and transcribed in the presence of DIG-l I-UTP (Boehringer, Mannheim). The transcripts were partially hydrolyzed to reduce the size close to 400 bp fragments.
Specimens were prepared, hybridized and stained by the method previously developed by Harland (1991) , with some modifications. The temperature of the prehybridization step was 70°C for 5 h and that of hybridization 60°C overnight. The detection was performed in the Boehringer blocking reagent with alkaline phosphatasecoupled anti-digoxygenin antibodies (1:2000) overnight at 4°C. After washing, the chromogenic reaction was obtained with the BM-purple AP-substrate (Boehringer Mannheim). After color development, the embryos were fixed in Bouin's fixative, washed in 70% ethanol and stored in methanol. The pigmented embryos were then bleached in methanol/hydrogen peroxide (10%) for about 24 h. Some specimens were clarified in benzyl alcohol/ benzyl benzoate (1:2) to obtain better photographic images.
Some stained embryos were embedded in paraffin wax and sectioned (10pm). The sections were photographed without counter-stain with a Zeiss photomicroscope.
UV and lithium chloride treatments
UV treatment was performed 30 min after fertilization for 4 min with a UV-C lamp at a distance of 29 mm. LiCl treatment was carried out in 0.3 M LiCl in 0.1 x NAM buffer for 6 min starting at the 32-cell stage.
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